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1
IODINE COMPOSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 16/606,936, filed on Oct. 21, 2019, which 1s a U.S.
national stage application filed under 35 U.S.C. § 371 of
International Application No. PCT/EP2018/060197, filed on
Apr. 20, 2018, which claims priority to, and the benefit of,
European Application No. 17167361 .4, filed Apr. 21, 2017,
the contents of each of which are incorporated herein by
reference 1n their entireties.

BACKGROUND OF THE INVENTION

Iodine compositions are usetul as topical antiseptics and
disinfectants. Tinctures of 10dine are compositions based on
a hydroalcoholic solution of elemental 10dine, 10dide salt 1n
cthanol and water which have long been used for such
purposes. Such tinctures are however highly 1rritating and
toxic, and are thus not suitable for administration, for
example, to sensitive tissues such as the eye. Many 1odine
compositions 1n the art are based alternatively on povidone
1odine, also known PVP-iodine or polyvinylpyrrolidone-
10dine, as a source and reservoir of free molecular 10dine,
and to 1mprove the solubility of 1odine 1 the aqueous
environment.

Examples of ophthalmic compositions comprising povi-
done-10dine are described for example in EP0526695A1 and
WO20110844°73A1. Such compositions rely on extensive
formulation, requiring the addition of pH bullers or adjust-
ing agents, stabilizing agents, and other excipients to pro-
vide stability and adequate sheli-life.

Iodine compositions based on non-aqueous medium, such
as organic solvents have also previously been disclosed. For
example, US 2012/0219640 discloses 1odine compositions
for use 1n treating topical skin conditions such as athelete’s
foot infection, comprising organic solvents such as ethanol,
1so-propyl alcohol and acetone. Such solvents are not uni-
versably applicable 1n terms of therapeutic use due to tissue
toxicity or poor biocompatibility. WO 2012/007776 A2
proposes the use of a siloxane vehicle, to prepare disinfec-
tant and antiseptic solutions of 1odine. Siloxanes however
may tend to be viscous and for topical applications, may feel
greasy and have limited spreadability. They also tend to have
refractive indexes which are differentiated from that of
human tear fluid and thus may not be suitable or patient-
friendly for ophthalmic applications.

It 1s an object of the present invention, to provide 1odine
compositions which may avoid some of the disadvantages of
the prior art, and which may be useful as an antiseptic or a
disinfectant, such as in the treatment or prophylaxis of
diseases and conditions caused or associated with microor-
ganisms. Further objects of the invention will be clear on the
basis of the following description of the invention, examples
and claims.

SUMMARY OF THE INVENTION

In a first aspect, the invention relates to a composition
comprising molecular 1odine and a vehicle comprising a
semifluorinated alkane. In some embodiments, the vehicle
comprises a semitluorinated alkane 1s of formula (II): CF,
(CF,) —(CH,) CH; wherein n and m are each indepen-
dently selected from an integer from 3 to 10. In another
aspect, the composition may be essentially free of water.
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In a further aspect, the imnvention provides for a compo-
sition comprising molecular 1odine and a vehicle comprising
a semifluorinated alkane, for use as a medicament, prefer-
ably for the treatment or prevention of a disease or condition
of the skin or mucosal tissue; or the eye or an ophthalmic
tissue; preferably wherein the disease or condition 1s asso-
ciated with, or caused by a microorganism.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The present invention relates to a composition comprising,
molecular 1odine and a vehicle comprising a semifluorinated
alkane.

Molecular 10dine, which may also be referred to as
elemental 10dine, has a chemical formula of I,, and 1s
metallic grey/dark coloured solid with a molecular weight of
253.81 g/mol. Molecular i1odine has been found to be
cllective 1 destroying or inhibiting the growth/proliferation
of microorganisms such as bacteria, fungi, demodex and
VIruses.

The vehicle of the composition according to invention
serves as a carrier for molecular 10dine, and may be 1n the
form of a liquid, semi-solid or solid. Preferably, the molecu-
lar 10dine 1s dissolved and/or fully miscible 1n the vehicle 1.e.
the composition of the mvention does not comprise of any
particulate or solid phase 1odine, preferably at room tem-
perature conditions 1.e. between 15 and 25° C.

In one preferred embodiment, the vehicle 1s a liquid.
Preferably, the molecular 1odine 1s dissolved in the liquid
vehicle to form a clear solution. The term “clear solution™ or
“solution” as such, as understood herein, refers to a liquid
solution 1n which all solutes are fully dissolvable or dis-
solved under room temperature conditions 1.e. between 15
and 25° C. The resulting solution does not comprise of any
particulate or solid phase components. In the present inven-
tion, the molecular 1odine 1s preferably completely dissolved
in the liquid vehicle comprising a semifluorinated alkane,
which, depending on degree of dilution, may provide clear,
purple to pink coloured solutions.

The composition according to invention comprises a
semifluorinated alkane (which may also be referred to 1n
abbreviated form as an SFA), which may be defined as a
linear or branched compound composed of at least one
perfluorinated segment (F-segment) and at least one non-
fluorinated hydrocarbon segment (H-segment). Preferably,
the semifluorinated alkane 1s a linear compound composed
of one perfluormated segment (F-segment) and one non-
fluorinated hydrocarbon segment (H-segment). In a
branched semifluorinated alkane, the semifluorinated alkane
may comprise of a branched non-fluorinated hydrocarbon
segment, wherein the hydrocarbon segment comprises as a
substituent, one or more of an alkyl group selected from the
group consisting of —CH,, —C,H., —C, H-, and —C_H.,.

In particular, the present invention relates to composition
comprising molecular 1odine and a vehicle comprising a
semifluorinated alkane, wherein the semifluorinated alkane
1s of formula

CF;(CF5),—R,, Formula (I)

wherein n 1s an integer selected from 1 to 12, and R 1s linear
or branched alkyl or cycloalkyl with m carbon atoms,
wherein m 1s an integer selected from 2 to 12.

In one preferred embodiment, said vehicle may comprise
of a semifluorinated alkane of Formula (I), wherein n 1s an
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integer selected from 3 to 10, and R 1s linear or branched
alkyl or cycloalkyl with m carbon atoms, wherein m 1s an
integer selected from 4 to 8.

In the above embodiments, where R 1s preferably a
branched alkyl, R may be selected from 1so-propyl, any one
of the butyl 1somers, such as 1so-butyl, sec-butyl, or tert-
butyl, any one of the pentyl 1somers such as neo-pentyl,
tert-pentyl, sec-pentyl, 1so-pentyl, or 3-pentyl; any one of
the hexyl or heptyl 1somers, and any one of the octyl
1somers, for example such as 1so-octyl.

In another preferred embodiment, said vehicle may com-
prise ol a semifluorinated alkane of Formula (I), wherein n
1s an integer selected from 3 to 10, and R 1s linear alkyl with
m carbon atoms, wherein m 1s an integer selected from 4 to
8.

In an alternative preferred embodiment, said vehicle may
comprise of a semifluormmated alkane of Formula (1),
wherein n 1s an mteger selected from 3 to 10, and R 1s linear
alkyl with m carbon atoms, wherein m 1s an integer selected
from 2 to 8.

As understood herein, the term linear alkyl may refer to
unbranched and straight-chain alkyl groups. For example, R
of Formula (I) may preferably be selected from ethyl,
n-propyl, n-butyl, n-pentyl, n-hexyl, or n-heptyl, and n-oc-
tyl.

In another preferred embodiment, said vehicle may com-
prise ol a semifluorinated alkane of Formula (I), wherein n
1s an 1teger selected from 3 to 10, and R 1s cycloalkyl with
m carbon atoms, wherein m 1s an integer selected from 4 to
8.

As understood herein, the term cycloalkyls may refer to
cyclic, 1.e., nng-forming alkyl groups, such as cyclobutyl,
cyclopentyl or cyclohexyl.

In a preferred embodiment, the semifluorinated alkane
featured 1n the compositions according to the imvention 1s a
liquid, 1.e. a compound that exists 1n a liquid state at least at
one temperature within the temperature range of 4° C. to 50°
C. Preferably, the semifluorinated alkane featured in the
composition according to the invention 1s a compound that
1s a liquid at room temperature (RT), such as between the
temperature of 15° C. to 25° C. Alternatively, the semifluo-
rinated alkane, or optionally, a mixture of two or more
semifluorinated alkanes, featured 1n the composition may be
semi-solid or solid at room temperature but has a melting

point of at least one temperature within the range from 26°
C. to 45° C.

In another particularly preferred embodiment, the present
invention relates to a composition comprising molecular

iodine and a vehicle comprising a semitluorinated alkane of
formula (II):

CF3(Cr,),—(CH;),,CH;

Formula (II)

wherein n and m are each independently selected from an
integer from 3 to 10.

Preferably, said semifluorinated alkane may be selected
from CF;(CF,),—(CH,),CH, (F4HS5), CF,(CF,);—

(CH,).CH, (F4H6), CF,;(CF,).—(CH,).CH; (F6H6), CF,
(CF,)s—(CH,),CH;  (FoHS),  CF;(CF,);—(CH,),CH,
(F4H8), CF;(CF,)—(CH,),CH; (F8HS8) and CF,(CF,);—
(CH,),CH, (F10HS). More preterably, said semitluorinated
alkane may be selected from CF,(CF,);—(CH,),CH;
(F4H5) and CF;(CF,).—(CH,)-CH; (F6HS8). In another
embodiment, the composition may comprise of molecular
1odine dissolved 1n any one of said selected semifluorinated
alkanes.

In another alternative embodiment, the present invention
relates to a composition comprising molecular 10dine and a
vehicle comprising a semifluorinated alkane of formula (1I):

CF4(CF,) —(CH,),CH, Formula (II)
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wherein n 1s an integer selected from 2 to 9 and m 1s an
integer from 1 to 7.
Said semifluorinated alkane may be selected from CF,

(CF,);—(CH,),CH;  (F4HS), CF;(CF,);—(CH,)sCH,
(F4H6), CF;(CF,)—CH,CH; (F6H2), CF;(CF,);—
(CH,);CH; (F6H6), CF,(CF,)-—(CH,),CH,; (F6HS), CF,
(CF;);—(CH,),CH;  (F4H8),  CF;(CF,),—(CH,),CH;
(F8HS8) and CF4(CF,),—(CH,),CH; (F10HJ3). More prei-
erably, said semifluorinated alkane may be selected from
CF;(CF,)s—CH,CH; (F6H2), CF,(CF,);—(CH,),CH,
(F4HS) and CF,(CF,).—(CH,),-CH, (F6HR). In another
embodiment, the composition may comprise of molecular
iodine dissolved in any one of said selected semitluorinated
alkanes.

In another particularly preferred embodiment, the present
invention relates to a composition comprising molecular

i0odine and a vehicle comprising a semifluorinated alkane of
formula (II):

CF;(CF,),—(CH>),, CH; Formula(II)

wherein n and m are each independently selected from an
integer from 3 to 10, and wherein the composition 1is
essentially free of water. In such embodiment, preferably,
the semifluorinated alkane may be selected from CF,
(CF,);—(CH,),CH;  (F4H5),  CE5(CF,);—(CH,)sCH,
(F4H6), CF,(CF,)-—(CH,).CH, (F6H6), CF,(CF,)—
(CH,),CH, (F6HS8), CF;(CF,),—(CH,),CH;(F4HR), CF,
(CF,),—(CH,),CH; (F8HS8) and CF;(CF,)s—(CH,),CH,
(F10HS5).

In yet a further embodiment, the present invention relates
to a composition comprising molecular 10dine and a vehicle
comprising a semifluorinated alkane of formula (1I):

CF,4(CF,), —(CH,),,CH, Formula (II)

wherein n 1s an integer selected from 2 to 9 and m 1s an
integer from 1 to 7, and wherein the composition 1s essen-
tially free of water. In such embodiment, preferably, the

semifluorinated alkane may be selected from CFL(CF,);—
(CH,),CH, (F4H35), CF;(CF,),—(CH,).CH; (F4H6), CF,
(CF,)s—CH,CH;  (FO6H2),  CF,(CF,)s—(CH,)sCH,
(F6H6), CF,(CF,).—(CH,),CH, (F6HS8), CF,(CF,),—
(CH,),CH,(F4HS8), CF;(CF,).—(CH,)-,CH; (F8HS8) and
CF,(CF,),—(CH,),CH, (F10HS).

The alternative nomenclature for the specified semifluo-
rinated alkanes as noted in parentheses above and as may be
turther used herein, 1s based on the general formula FnHm,
wherein F means the linear pertluorinated hydrocarbon
segment, H means the linear non-fluorinated hydrocarbon
segment and n, m 1s the number of carbon atoms of the
respective segment. For example, F4H5 may be used to
denote 1-perfluorobutyl pentane or CF;(CF,),—(CH,),CH;
(which may be also, alternatively expressed as formula
F(CF,).(CH,);H), which has a linear pertluorinated segment
F with four carbons (n=4) and a linear non-tfluorinated
hydrocarbon segment with 5 carbons (m=>5).

Most preferably, the compositions of the invention com-
prise of molecular 1odine and a liquid vehicle comprising, or
consisting of a semifluorinated alkane selected from
F(CF,),(CH,),H (F6H2), F(CF,).,(CH,)H (F4H5) and
F(CF,)(CH,)H (F6HS8). The particular preferred semifluo-
rinated alkane, F6H?2, also known as pertluorohexyl-ethane,
and which has the chemical formula F(CF,).(CH,),H 1s a
chemically and physiologically inert, water-insoluble liquid,
with a density of 1.57 g/cm3 at 20° C. and refractive index
of 1.295 at 20° C. The particular preferred semitluorinated
alkane, F4HS5, also known as 1-pertluorobutyl-pentane, and
which has the chemical formula F(CF,),(CH,)-H 1s a

chemically and physiologically inert, water-insoluble liquid,
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with a density of 1.284 g/cm" at 25° C. and refractive index
of 1.3204 at 20° C. The particularly preferred semitluori-
nated alkane, F6HS, comprised by the liquud vehicle of the
composition of the present invention also known as 1-per-
fluorohexyl-octane, 1s also a chemically and physiologically
inert, water-insoluble liquid, and has a density of 1.35 g/cm”
at 25° C. and refractive index of 1.3432 at 20° C. In a
preferred embodiment, said compositions may be substan-
tially free of water.

The vehicle of the compositions of the invention com-
prising ol “a” semifluorinated alkane 1s to be understood
herein, as comprising of at least one semifluorinated alkane,
preferably of Formula (I) or (II) or any of the other formulas
as described above. Optionally, however, the vehicle of the
composition may comprise of more than one, for example,
a mixture of two or more semifluorinated alkanes of For-
mula (I) or (II) or any one of the semifluorinated alkane
species as described above.

In yet further embodiment, the vehicle of the composition
may consist of a semifluorinated alkane of Formula (I) or (1I)
or any one of the semifluorinated alkanes as specified above.
In this context, the term ‘a’ semifluorinated alkane 1s to be
understood as at least one semifluorinated alkane, but may
also 1nclude the option of more than one, or a plurality of
semifluorinated alkane compounds. Accordingly, in one
embodiment, the vehicle of the composition may consist of
more than one semitluorinated alkane of Formula (I) or (II)
or any one of the semifluorinated alkanes as specified above.
Preferably, said semifluorinated alkane (or optionally, mix-
ture of two or more semifluorinated alkanes) 1s present and
functionally featured 1n the composition as a vehicle for the
molecular 10odine. In an optional embodiment, said compo-
sitions may however include a further active ingredient
and/or one or more excipients. In an embodiment of the
invention, the composition may have a vehicle consisting of
a semifluorinated alkane or a mixture of semifluormated
alkanes as defined and optionally, one or more excipients, or
a co-solvent.

In a preferred embodiment, the composition of the present
invention may consist of molecular 10dine, and optionally a
turther active ingredient, and a vehicle comprising a semi-
fluorinated alkane. In a further preferred embodiment, the
composition may consist of molecular 10dine, and optionally
a Turther active ingredient, and a vehicle consisting of one or
more semifluorinated alkanes and optionally one or more
non-polar co-solvents or excipients. Optionally, the compo-
sition may consist of molecular 10dine and a vehicle con-
sisting ol one or more semifluorinated alkanes. Optionally,
the composition may consist of molecular 10odine and a
vehicle consisting of a semifluorinated alkane.

In one embodiment, the invention relates to a composition
consisting of a) molecular 10odine and optionally, a further
active ingredient, and b) a vehicle consisting of a semifluo-
rinated alkane and optionally a non-polar co-solvent or
excipient; wherein the semifluorinated alkane 1s of formula
(I) CF;(CF,), —R_wherein n 1s an integer selected from 1
to 12, and R 1s linear or branched alkyl or cycloalkyl with
m carbon atoms, wherein m 1s an integer selected from 2 to
12.

In another embodiment, the invention relates to a com-
position consisting of a) molecular 10dine and optionally, a
turther active mgredient, and b) a vehicle consisting of a
semifluorinated alkane and optionally a non-polar co-sol-
vent or excipient; wherein the semifluorinated alkane 1s of
tormula (I) CF4(CF,),—R_ wherein n 1s an integer selected
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from 2 to 12, and R 1s linear or branched alkyl or cycloalkyl
with m carbon atoms, wherein m 1s an integer selected from
2 to 12.

As used herein, the term “consists” and related terms
“consisting’” or “consist” 1s to be understood as meaning that
no other features, other than those prefaced by the term are
present. In the context of compositions, 1 any other con-
stituent or component 1s present 1 the composition other
than those prefaced by such term, then it 1s present only in
trace or residual amounts such as to confer no technical
advantage or relevance in respect of the object of the
invention, such as may be further understood by the term
‘essentially” or “substantially” used in conjunction with
these terms (e.g. ‘essentially consisting of”’). In contrast, the
term ‘comprising’ or related terms “comprises” or “com-
prise” 1n the context ol compositions, 1s to be understood as
meaning that other features, other than those prefaced by the
term may be present in the composition.

In an alternative aspect of the mvention, the compositions
of the invention may comprise of molecular 10dine (I,) and
a vehicle comprising a perfluorocarbon. As understood
herein, a perfluorocarbon 1s a hydrocarbon compound
wherein all hydrogen atoms are replaced by another atom,
namely predominantly or entirely by fluorine atoms. Pret-
erably, the perfluorocarbon or perfluorinated hydrocarbon
has 5 to 12 carbon atoms. Preferably, the perfluorocarbon 1s
a liquid at room temperature. In another embodiment, the
pertluorocarbon may be compound of formula F(CF,) F,
wherein n 1s an integer selected from 5 to 12. Particularly
preferred perfluorocarbons are perfluorooctane, and pertluo-
rodecalin. Optionally, said compositions may comprise also
a semifluorinated alkane, preferably of Formula (I) or (II) as
described above.

Preferably, the amount of 1odine incorporated in the
composition according to the invention, when used in a
therapeutic or prophylactic application, 1s present 1 an
amount effective to mhibit or prevent growth and/or prolit-
eration of a microorganism. In another aspect, the molecular
iodine may preferably be incorporated in the composition 1n
an amount that 1s useful for producing a desired pharmaco-
logical eflect, such as a pharmacological effect 1n the treat-
ment of any one of the conditions or diseases as will be
further described 1n detail below.

In one aspect, a composition of the mmvention such as
described 1n any of the above embodiments, comprises an

amount ol molecular 10dine of less than 1 mg/ml, or
preferably less than 0.9 mg/mL, 0.8 mg/mlL, 0.6 mg/mL, 0.5

mg/mlL, 0.4 mg/mL, 0.2 mg/mL, 0.1 mg/mL, 0.05 mg/mL,
0.01 mg/mL or less than 0.001 mg/mlL..

In one embodiment, the composition of the invention may
comprise ol less than 1 mg/ml of molecular 1odine dis-
solved 1n the vehicle.

In another embodiment, the composition of the invention
may comprise or consist of an amount of molecular 10dine
of between 0.001 mg/mL and 1 mg/mL, or between 0.001
mg/mL and any one of the values of 0.9 mg/mL, 0.8 mg/mL.,
0.6 mg/mlL, 0.5 mg/mlL, 0.4 mg/ml, 0.2 mg/mL, 0.1
mg/mlL, 0.05 mg/mlL, 0.01 mg/mL, dissolved in the vehicle,
preferably a vehicle consisting of a semifluorinated alkane
as defined in any one of the above embodiments, and
optionally a compatible e.g. non-polar, co-solvent or an
excipient.

In one embodiment, the composition may comprise less

than 1 mg/mlL, or preferably less than 0.9 mg/ml, 0.8
mg/mlL, 0.6 mg/mL, 0.5 mg/mL, 0.4 mg/mL, 0.2 mg/mlL,
0.1 mg/mL, 0.05 mg/mL, 0.01 mg/mL or less than 0.001

mg/ml. of molecular 10dine dissolved 1n the vehicle. In an
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embodiment where the vehicle may consist of only a semi-
fluorinated alkane, the composition may comprise less than

1 mg/mL, or less than 0.9 mg/mlL, 0.8 mg/mL, 0.6 mg/mlL.,
0.5 mg/mlL, 0.4 mg/mlL, 0.2 mg/mlL, 0.1 mg/mL, 0.05
mg/ml, 0.01 mg/mL or less than 0.001 mg/mlL of molecular
iodine dissolved in said semitluorinated alkane vehicle.

In another embodiment where the vehicle may consist of
only a semifluorinated alkane and optionally a non-polar
and/or aprotic solvent, or an excipient, the composition may
comprise less than 1 mg/mL, or less than 0.9 mg/mL, 0.8
mg/mlL, 0.6 mg/mL, 0.5 mg/mL, 0.4 mg/mL, 0.2 mg/mL,
0.1 mg/mL, 0.05 mg/mL, 0.01 mg/mL or less than 0.001
mg/mL of molecular iodine dissolved 1n said vehicle com-
prising of a semifluorinated alkane and optional
co-solvent(s). Preferably, such compositions are non-stain-
ing and/or stable for at least 30, 90 or 180 days at room
temperature.

According to an aspect of the invention, the composition
may comprise of molecular 10dine and a vehicle comprising,
of a semifluorinated alkane, such as described 1n any of the
above embodiments, wherein the vehicle also further com-
prises a co-solvent.

As understood herein, a co-solvent 1s a compound which
1s suitable for enhancing solubility or solubilizing molecular
iodine and/or any other solid or non-miscible component
teatured 1n the composition of the invention. Said solid or
non-miscible component may be, for example a further
active mgredient, or another excipient. Preferably, the co-
solvent component of the composition 1s a liquid that 1s fully
miscible with the semifluorinated alkane, 1.e. 1t mixes with
the semifluormated alkane to form a coherent and single
phase, to serve as a vehicle and carrier for molecular 10dine
and/or any other component, such as a further active ingre-
dient or a further excipient. The co-solvent preferably 1s a
liquid organic compound which 1s physiologically tolerated
and safe for direct topical admimstration to the eye, eye
tissue and/or to skin, dermal, or mucosal tissue.

Preferably, the co-solvent 1s a non-polar solvent. The
non-polar solvent may be non-iomizable, and/or aprotic,
preferably such co-solvent does not support the formation of
an 1odine 1on or oxidized i1odine species, preferably the
co-solvent 1s a solvent that does not support the formation as
of any one (or combination of) the following: 1odide (I—),
trirodide (I13-), 1odate (103-), or hypoiodate (10—).

Particularly preferred as a co-solvent 1s a non-polar sol-
vent selected from any one or mixture of a saturated hydro-
carbon, preferably a C1-C10 alkane (such as n-pentane,
n-hexane, n-heptane, or n-octane); mineral oil; parathn;
siloxane; and a perfluorocarbon. In further embodiment, the
non-polar solvent may also be selected from saturated,
unbranched or branched hydrocarbons with longer carbon
chains such as C10 to C30, or C10 to C40.

In a particular preferred embodiment, the co-solvent 1s a
solvent that does not support the formation of an 10dine 10on
or oxidized 1odine species, preferably the co-solvent 1s a
solvent that does not support the formation of any one (or
combination of) the following: 1odide (I—), trnodide (13-),
iodate (I03-), or hypoiodate (I0—).

The co-solvent may be featured 1n a composition accord-
ing to the invention in an amount of no more than about 38
wt % based on the total weight of the vehicle. In a further
embodiment, the amount of co-solvent may be 1n an amount
of no more than 30% (w/w), 25% (w/w), 15% (w/w) or 10%
(w/w), or 5% (w/w) 2% (w/w), or about 1.0% (w/w) 1n
respect to the total amount of the vehicle.

In further embodiments, the co-solvent may be featured in
an amount in the range of between 0.001 to 3% (w/w), or
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0.001 to 2% (w/w), or 0.01 to 1% (w/w), or 0.1 to 1% (w/w)
in respect to the total weight of the vehicle.

In an alternative aspect, the co-solvent may be selected
from an alcohol. The co-solvent as an alcohol selected from
any one or mixture ol ethanol, methanol, propanol, or
1sopropanol or any alcohol that 1s physiologically tolerated
by the eye or skin. The co-solvent may be an alcohol n
absolute/anhydrous form, such as absolute ethanol, metha-
nol, propanol, or 1sopropanol.

In one embodiment, the co-solvent 1s ethanol, and is
featured 1n the composition 1 an amount of no more than
30% (wiw), 25% (w/w), 15% (w/w) or 10% (w/w), or 5%
(w/w) 2% (w/w), or about 1.0% (w/w) 1n respect to the
amount of the vehicle, optionally wherein the vehicle con-
sists only of a semifluorinated alkane and ethanol; turther
optionally wherein the ethanol 1s absolute. Said composition
may comprise an amount of at least 0.25 mg/ml, at least 0.5
mg/ml, at least 1 mg/mlL., at least 1.5 mg/mL, at least 2.0
mg/mlL, at least 2.5 mg/mL., at least 3.0 mg/mL or at least 5.0
mg/ml of molecular 10dine dissolved in the semifluorinated
alkane and ethanol vehicle.

Compositions with particularly higher concentrations of
iodine may be useful, and advantageous, for example for
disinfectant applications, such as for disinfecting mnanimate
surfaces, such as a surface of a surgical tool, instrument or
means.

In one aspect of the invention, a composition according to
the mmvention may comprise of an amount of molecular
1odine of up to about 20 mg/ml. In such embodiments, a
composition may comprise of an amount of molecular
iodine of at least 1 mg/mlL., or at least 1.5 mg/mlL, or at least
2.0 mg/mL, or at least 2.5 mg/mL, at least 3.0 mg/mlL, at
least 5.0 mg/mlL, at least 10.0 mg/mL or at least 135.0
mg/ml.

In a one embodiment, the composition may comprise an
amount of up to 20 mg/mL of molecular 1odine dissolved 1n
the vehicle. The composition may comprise of an amount of
molecular 1odine dissolved in the vehicle of at least 1
mg/ml, or at least 1.5 mg/mL., or at least 2.0 mg/mL, or at
least 2.5 mg/mlL., at least 3.0 mg/mlL., at least 5.0 mg/mL, at
least 10.0 mg/mL or at least 15.0 mg/mL. In an embodiment
where the vehicle may consist of only a semifluorinated
alkane and optionally a co-solvent, the composition may
comprise an amount of at least 1 mg/mlL, at least 1.5 mg/mlL.,
at least 2.0 mg/mlL, at least 2.5 mg/mL, at least 3.0 mg/mL
or at least 5.0 mg/mlL, or at least 10.0 mg/mlL or at least 15.0
mg/ml of molecular 10dine dissolved 1n said vehicle con-
sisting of a semifluorinated alkane and said optional co-
solvent.

In yet a further embodiment of the invention relating to
the composition comprising molecular 10odine, and a vehicle
comprising a semifluorinated alkane such as defined in any
of the previous embodiments described above, the vehicle
preferably comprises a semifluorinated alkane or optionally,
a mixture of semifluorinated alkanes in an amount of at least
60% (w/w) with respect to the total weight of the vehicle. In
other embodiments, the vehicle may comprise at least 70%
(w/w), 75% (w/w), 85% (w/w), 90% (w/w), 95% (w/w),
98% or at least 99% (w/w) of a semifluorinated alkane or a
mixture of semifluorinated alkanes, with respect to the total
weight of the vehicle.

In one preferred embodiment, the vehicle of the compo-
sition according to the mvention 1s 100% (w/w) of a semi-
fluorinated alkane or mixture of semitluorinated alkanes. In
another embodiment, the vehicle comprises a semitluori-
nated alkane or optionally, a mixture of semifluorinated
alkanes 1n an amount of at least 60% (w/w) with respect to
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the total weight of the vehicle. In another embodiment, the
vehicle may consist of at least 70% (w/w), 75% (w/w), 85%

(w/w), 90% (w/w), 95% (w/w), 98% or at least 99% (w/w)

ol a semifluorinated alkane or a mixture of semitluorinated
alkanes, with respect to the total weight of the vehicle, and
a co-solvent or excipient, preferably a non-polar co-solvent
or excipient.

The term “% (w/w)” as used herein and unless 1indicated
refers to the amount of a component of a composition, (e.g.
the composition of a vehicle) as a weight percentage in
relation to the total weight of the composition (e.g. total
weight of a vehicle), with ‘w’ denoting weight. For 1nstance,
the vehicle of a composition according to the present inven-
tion may comprise up to about 1.5% (w/w) of a co-solvent
such as ethanol, relative to the total weight of the vehicle.
The term “% (w/v)” likewise, unless indicated refers to the
amount ol a component of a composition as a weight
percentage 1n relation to the total volume of the composition
(with “w”” denoting weight and “v” denoting volume).

In a further embodiment, the composition of the present
invention 1s a rapidly evaporating formulation. Said com-
position 1s preferably antimicrobial effective (e.g. against
any one or combination of bacteria, fungi, virus). Preferably,
the rapidly evaporating formulation evaporates within 3
minutes, preferably within 3 minutes, more preferably
within 1 minute from time of topical application to a surface,
for example a tissue surface, or surface of any evye, or
alternatively to an inanimate surface. Preferably, such rap-
1dly evaporating formulation comprises molecular 1odine
dissolved 1n a vehicle comprising, or consisting of a semi-
fluorinated alkane characterized by a boiling point of less
than 140° C., even more preferably such rapidly evaporating,
formulation comprises molecular 10dine dissolved 1n a
vehicle comprising a semitluorinated alkane selected from
the group consisting of F6H2 or F4H3. In one embodiment,
such rapidly evaporating formulation comprises or consists
of up to 0.5 mg/ml molecular 10dine dissolved in F6H?2.

In another embodiment, the compositions according to the
invention may comprise further of an active ingredient
dissolved 1n the vehicle. Preferably, the active ingredient 1s
present 1n a therapeutically effective amount, which as used
herein, means the active ingredient 1s at a dose, concentra-
tion or strength which 1s useful for producing the desired
pharmacological effect, more specifically a pharmacological
cllect in the treatment of any one of the conditions or
diseases as further described 1n detail below.

Preferably, the active ingredient 1s selected from the group
consisting of antibiotics, anti-inflammatory agents, analge-
sics, anaesthetics, anti-allergic agents, and immunosuppres-
sants. The active ingredient may also be selected from a
corticosteroid. Preferably the said active ingredient 1s suit-
able for co-formulation with molecular 1odine.

Preferred antibiotics include fluoroquinolones (cipro-
floxacin, levotloxacin, ofloxacin, moxifloxacin, gatifloxacin,
and the like); aminoglycosides (tobramycin, gentamicin,
neomycin, and the like); polymyxin B combinations (poly-
myxin B/trimethoprim, Polysporin polymyxin B/bacitracin,
Neosporin polymyxin B/neomycin/gramicidin, and the like)
and other antibiotics (azithromycin, 1lotycin, erythromycin,
bacitracin, and the like).

Preferred anti-inflammatories include corticosteroids
(such as dexamethasone, prednisolone, loteprednol, diflu-
prednate, fluoromethalone, rimexolone, medrysone, hydro-
cortisone) or NSAIDs (such as bromienac, nepalfenac,
diclofenac, flurbiprofen, suprofen, celecoxib, naproxen,
rofecoxib).
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Preferred anesthetics include proparacaine, lidocaine, tet-
racaine, benzocaine, butamben, dibucaine, oxybuprocaine,
pramoxine, proxymetacaine.

Preferred anti-allergic agents include pheniramine mal-
leate, epinastine, emedastine, azelastin, olopatadine, keto-
tifen, pemirolast, nedocromil, lodoxamide, cromolyn.

Preferrred immunosupressants include ciclosporine A,
tacrolimus, sirolimus.

An example of a preferred corticosteroid 1s dexametha-
sone.

In an embodiment, the invention provides for a compo-
sition consisting of a) molecular 1odine and a further active
ingredient such as defined above, and b) a vehicle consisting
of a semifluorinated alkane and optionally a non-polar
co-solvent or excipient; wherein the semifluorinated alkane
1s of CF4(CF,),—R_ wherein n 1s an integer selected from
1 to 12, and R 1s linear or branched alkyl or cycloalkyl with

m carbon atoms, wherein m 1s an integer selected from 2 to
12.

In another embodiment, the invention provides for a
composition consisting of a) molecular 1odine and a further
active ingredient such as defined above, and b) a vehicle
consisting of a semifluorinated alkane and optionally a
non-polar co-solvent or excipient; wherein the semifluori-
nated alkane 1s of CF;(CF,),—R_ wherein n 1s an integer
selected from 2 to 12, and R 1s linear or branched alkyl or
cycloalkyl with m carbon atoms, wherein m 1s an integer
selected from 2 to 12.

Optionally, the composition of the present invention may
also comprise one or more further excipients as an additional
component. The term “excipients” as used herein refers to
any pharmaceutically acceptable natural or synthetic sub-
stance that may be added to the compositions of the present
invention, more specifically to the vehicle of the composi-
tion to enhance or otherwise modily 1ts physical or chemical
constitution or stability or therapeutic properties.

Compounds or composition components considered as
excipients may also fall under the definition of co-solvent as
defined above. In one embodiment, the excipient featured 1n
the composition of the invention 1s an excipient that does not
support the formation of an i1odine 1on or oxidized 10dine
species, preferably said excipient does not support the
formation as of any one (or combination of) the following:
iodide (I—), triiodide (I3-), 10date (I03-), or hypoiodate
(10—).

The present composition may optionally comprise one or
more excipients such as, for example, an antioxidant, a
preservative, a lipid or oily excipient, a surfactant or a
lubricant or a combination of at least 2 excipients thereof.

Lipid or oily excipients for use in the composition of the
present invention may include, for example, triglyceride oils
(1.e. soybean o1l, olive o1l, sesame o1l, cotton seed o1l, castor
o1l, sweet almond o1l), triglycerides, mineral o1l (1.e. petro-
latum and liquid parailin), medium chain triglycerides
(MCT), oily fatty acids, 1sopropyl myristate, oily Ifatty
alcohols, esters of sorbitol and fatty acids, oily sucrose
esters, or any other oi1ly substance which 1s physiologically
tolerated by the eye or skin. Said lipid or oily excipient may
also function as a co-solvent for molecular 10dine 1n accor-
dance with the purpose of a co-solvent, such as defined
above.

In one embodiment, the amount of excipient featured 1n a
composition according to the invention may be in an amount
of no more than 30% (w/w), 25% (w/w), 15% (w/w) or 10%
(w/w), or 5% (w/w) 2% (w/w), or about 1.0% (w/w) 1n

respect to the total weight amount of the vehicle.
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Preferably, the compositions of the invention are substan-
tially free of water. As understood herein, the term ‘sub-
stantially free’, or alternatively ‘essentially free’ in reference
to a composition constituent refers to the presence of said
constituent 1n no more than trace amounts and that if present
in trace amounts the constituent does not provide any
technical contributions to the composition.

In a preferred embodiment of the mvention, the compo-
sitions are essentially free of water.

In another further preferred embodiment, the composi-
tions according to the present mnvention may be substantially
free of a preservative, such as an antimicrobial preservative
and/or a surfactant. Preferably, the compositions are free of,
1.e. do not contain water and/or any one of a preservative,
such as an antimicrobial preservative, or a surfactant.

Optionally, the compositions according to the present
invention may be substantially free of a polymer or com-
plexing agent which may form complexes or bind with
molecular 10dine, such as polyvinylpyrrolidone (PVP) or a
cadexomer.

In another preferred embodiment, the compositions
according to the mvention may be substantially free of an
1odine 10n or oxidized 1odine species, preferably as selected
from any one (or combination of) the following: 10odide (I7),
truodide (I,7), 1odate (10,7), or hypoiodate (I07). Said
species may include any suitable counterion or protic form
there of, for example 10dide may have a counterion of
potassium or sodium (1.e. Nal or KI).

In a preferred embodiment, the compositions of the pres-
ent invention, preferably compositions that are substantially
free of water and/or compositions that are substantially free
of an 1odine 1on or oxidized 10dine species, preferably as
selected from any one (or combination of) the following:
iodide (I—), trniodide (I3-), 1odate (I03-), or hypoiodate
(I0—), are non-staining, preferably when administered or
coming into contact to any one of the following surfaces:
skin or dermal tissue, eye or eye tissue, and optionally,
tabric. As defined herein, the term non-staining refers to the
absence ol any persisting discolouration or persisting
coloured residue on the site or surface to which the com-
position 1s topically applied or 1s coming into contact with.
It has been observed that when a composition of the inven-
tion comprising molecular 10dine and a semifluorinated
alkane as the vehicle 1s mnitially administered to a site of
topical application, such as skin or filter paper surface, some
colour may be observed initially on said surface, 1.e. imme-
diately post administration, however the colouration does
not persist under ambient or skin surface conditions, and no
long-term discolouration or residue 1s observed.

Preferably, any staining or colour which 1s present on
application of the composition of the present invention
disappears or dissipates within less than 10 minutes, less
than 5 minutes, or preferably less than 1 minute. Accord-
ingly, also no color 1s transterred to any surface that comes
into contact with the site of administration afterwards. Thus,
no color 1s transterred, for example, to a fabric that comes
into contact with the site of 10dine administration, repre-
senting a major advantage over conventional, water-based
antiseptic or disinfectant iodine formulations.

Without wishing to be bound by theory, it 1s assumed by
the mventors that the lack of stamning or discolouration
observed in topical application of compositions according to
the present invention are due to the absence of, and lack of
formation of species such as 1odine 10n and/or oxidized
1odine species such as trinodide (I,7) in the composition. The
reddish-brown or yellow colour of many aqueous-based
iodine formulations and corresponding discolouration and
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staining of skin and other surfaces are generally attributed to
such species, 1 particular to triiodide. As discolouration to
the skin or cross-contamination to clothing may be avoided
or reduced, the compositions of the nvention may be
advantageous 1in terms of improving patient compliance,
where the composition 1s used as a medicament

In another, and optional aspect, the compositions of the
invention may alternatively be formulated so as to provide
a staining etlect; the composition may comprise at least one
component species (1.¢. triiodide (I,7)), excipient or co-
solvent which 1s coloured or staining, or which results 1n a
composition that 1s staining. Preferably, said compositions
are adapted for use 1n applications where staining or colou-
ration may be useful as an indicator of the surface area to
which the composition has been applied or contacted to, for
example, 1n an application such as surgery. Examples of
staining compositions are those comprising a semifluori-
nated alkane and an alcohol co-solvent.

It has also been found that the compositions of the present
invention appear to be highly stable, surprisingly even when
formulated at relatively higher as well as at lower concen-
trations of molecular 10dine. State of the art compositions,
such as provided for ophthalmic application are typically
based on aqueous formulations comprising 5 w/v % povi-
done-1odine complex (e.g. Minims®, Betadine®), which
provide only 0.5% available 10dine, with ultimately only
around 2.5 ppm (parts per million) molecular 10odine as the
active species.

As will be described in further detail below in the
Examples, the compositions of the mvention comprising a
vehicle consisting of semifluorinated alkane and/or a per-
fluorocarbon do not undergo any physical change, such as
precipitation ol molecular 10dine, the formation of solid or
particulate species or aggregates out of solution, after pro-
longed period of storage, and formulations at higher con-
centrations of the active molecular 10dine may be formu-
lated. Compositions based on liquid or solid vehicles of one
or a mixture of semifluorinated alkane and co-solvents or
excipients, which do not lead to the formation of species
which lead to staining, such as hydrocarbon compounds, are
also observed to be stable and non-staining, and also permat
the formulation of high concentrations of molecular 10dine
(1.e. more than 100, 250, 500 ppm or up to 1000 ppm
molecular 10dine).

In the context of therapeutic applications relying on
topical administration to a tissue surface of a patient or
subject, preferably a human patient, 1t 1s 1mportant that
compositions may be readily and consistently be applied and
distributed over said surface. For example, where the tissue
surface 1s the skin, or the surface tissues of the eye, a
composition needs also to reach out e.g. to folds/crevices
formed by the tissue, which have limited direct accessibility.
The molecular 10dine compositions formulated with a
vehicle based on a semifluorinated alkane according to the
invention provide compositions with good spreadability for
topical application. Achieving patient-friendly compositions
which have positive sensory attributes 1s also advantageous,
for instance in terms of achieving patient compliance. The
semifluorinated alkane compositions according to the mnven-
tion provide a pleasant and ‘silky’ sensation when applied,
for example to the eye or the skin.

In a preferred embodiment, the composition of the present
invention, 1s stable at for at least 30 days, preferably at room
temperature. In further embodiments, the composition 1s
preferably stable for at least 90 days, more preferably stable
for at least 180 days at room temperature.
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In a further preterred embodiment, the composition of the
present invention, 1s stable without protection from light;
preferably the composition 1s stable for at least 30 days;
more prelerably, stable for at least 90 days; or even more
preferably, stable for at least 180 days at room temperature
without protection from light.

Composition stability may be determined by comparison
of properties to that observed for the composition when {first
prepared. Properties which may be used to determine sta-
bility include the determination of molecular 10dine content
by analytical methods known 1n the art for determiming
molecular 10dine content (such as uv-vis measurements), or
the presence of other 1odine species (e.g. staining tests,
uv-vis measurements). Stability may also be assessed by
comparing overall visual appearance of the composition for
physical changes such as precipitation, formation of par-
ticles and changes 1n colouration.

The 10odine compositions of the invention are stable within
a broad range of concentrations of molecular 10dine, without
requiring the inclusion of many additional excipients and
composition components. For example, the compositions of
the present mnvention may be prepared without the use of
additional stabilizing agents such as buflering or pH-adjust-
ing agents, or complexing agents to enhance solubility of
iodine which may be typically required for aqueous based
compositions comprising 1odine.

In another aspect of the present invention, the composi-
tion may be formulated as any one of a solution, semi-solid,
cream, lotion, ointment, or as a swab.

The compositions 1n accordance with the present inven-
tion such as described in any one of the above embodiments
may also be used 1n therapy, as a medicine or medicament.

In a particular embodiment, the compositions may be
used as an antiseptic and/or as a disinfectant in the treatment
or prevention ol a disease or condition 1n a subject 1n need
thereol. Preferably, the compositions of the invention may
be used to prevent or inhibit, the growth or proliferation of
a microorganism.

As used herein, the term ‘antiseptic’ refers to a compo-
sition which prevents or inhibits the growth of microorgan-
1sms and/or may destroy microorganisms, 1n particular those
which may cause infection or sepsis, and may be synony-
mous with the terms anti-microbial or biocide. The term
‘disinfectant’ refers to a composition which inhibit or pre-
vent proliferation of a microorganisms and/or destroy micro-
organisms that i1s topically applied to a subject, but more
preferably to an mmammate surface to which a subject will or
may have contact.

As understood herein, the use of a composition of the
present mnvention in the context of prevention of a disease or
condition, or 1n a prophylactic treatment refers to use of said
composition so as to prevent occurrence, or exacerbation, or
risk of occurrence said disease or condition 1n a subject. For
example, a subject who has a minor cut or surtace wound on
theirr skin may use and topically apply the composition to
said minor cut or surface wound to the skin to destroy and/or
inhibit the growth and proliferation of any microorganism,
in order to avoid infection and allow for quicker healing
thereol.

The composition according to any of the above embodi-
ments may, 1 particular, be used for use treatment or
prevention ol a disease or condition affecting the skin, or
mucosal tissue, wherein the composition 1s topically admin-
istered to the skin and/or mucosal tissue. As understood
herein, the term ‘skin’ refers to dermal tissue, including the
various layers, associated tissues or cellular layers, 1.e. the
epidermis (1.e. stratum corneum and vital, or living epider-
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mis), the dermis or derma and hypodermis, and in all its
forms. The composition may be administered to the skin on
any surface of a subject. Preferably, it 1s adminmistered to the
skin which 1s injured or non-intact, such as to a cut,
laceration, abrasion, burn, or a wound.

Mucosal tissue refers to tissue comprising epithelial cells
and connective tissue and may preferably be mucosal tissue
or membrane of the nose, mouth or buccal cavity.

In a further aspect, the composition according to any of
the above embodiments may, also be used for the treatment
or prevention of a disease or condition aflecting the eye or
an ophthalmic tissue, wherein the composition is topically
administered to the eye or ophthalmic tissue. Ophthalmic
tissue refers to any anatomical aspect of the eye apparatus,
for example the cornea, or conjunctiva, or meibomian
glands, or the eye lid margins, or eyelashes.

In a preferred embodiment, the compositions may be
topically administered to the surface of the eye and to any
such region or tissue of the eye that may be accessible to
topical administration, such as to the cornea or conjunctiva,
or to the eyelid margins or corners.

Preferably, the compositions are used to treat or prevent
a disease or condition that 1s associated with, or caused by
a microorganism. Preferably said microorganism 1s patho-
genic, 1.6. may cause a disease. The microorganism may be
selected from any one or combination of bacteria, demodex,
fungi and wvirus. Further microorganisms for which the
present compositions may be optionally therapeutically use-
ful may be amoeba, or yeast.

Bacteria may include gram-positive or gram-negative
species. In a preferred embodiment, the compositions of the
invention may be used to treat or prevent diseases or
conditions associated or caused by bacteria, preferably
selected from any one or combination of bacteria from the
genus Streptococcus, Staphviococcus, Enterococcus, Pepto-
streptococcus, Pseudomonas, Mycobacteria, Haemophilius,
Clostridium, Corynebacterium, Escherichia, and Klebsiella.

Viruses may include herpes simplex virus (HSV), adeno-
virus, herpes zoster virus varicella-zoster virus (VZV),
picornavirus, poxvirus, influenza virus and human immu-
nodeficiency virus (HIV).

In one preferred embodiment, the disease or condition 1s
associated or caused by a microorganism selected from any
one or combination of the group consisting of Staphylococ-
cus aureus, Pseudomonas aeruginosa, Candida albicans,
Aspergillus Brasiliensis, Streptococcus pneumoniae, Pro-
teus mirabilis, and Propionibacterium acnes.

Where the composition 1s for use in the treatment or
prevention of a disease or condition of the eye or an
ophthalmic tissue, the disease or condition to be treated 1s
preferably selected from the group consisting of blepharitis,
bacterial conjunctivitis, ocular dryness, follicular conjunc-
tivitis, giant papillary conjunctivitis, corneal ulcer, keratitis,
conjunctival neoplasia, HSV keratitis, eye allergy, neonatal
conjunctivitis, ulcerative infectious keratitis, epithelial kera-
titis, stromal keratitis and keratoconjunctivitis epidemica.

In a particularly preferred embodiment, the compositions
for ophthalmic use are formulated wherein the amount of
molecular 10dine 1n the composition 1s preferably less than
0.5% (w/v), less than 0.1% (w/v), less than 0.01% (w/v) or
less than 0.001% (w/v).

Where the composition 1s for use in the treatment or
prevention ol a disease or condition of the skin or mucosal
tissue, 1t 1s preferred that the composition may be used to
treat non-intact skin or mucosal tissue, preferably selected
from a wound, a cut, a surgical wound, burn, abrasion,
laceration, ulcer, rash, and sore. In another embodiment, the
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composition may be used to prevent infection or microor-
ganism proliferation 1n a site where skin or mucosal tissue
1s not 1ntact, preferably at a site of a wound, a cut, a surgical
wound, a burn, an abrasion, a laceration, an ulcer, a rash, or
a sore. In further embodiment, the composition of the
present mvention may be used to treat or prevent a disease
or condition, preferably as acne, or an infection, preferably
a fungal and/or bacterial infection, for example, athletes
foot.

In particular preferred embodiments, the compositions for
use 1n the treatment of a disease or condition of the skin or
mucosal tissue are formulated wherein the amount of

molecular 10dine 1n the composition 1s preferably at least
0.01% (w/v), at least 0.1% (w/v), at least 0.5% (w/v).

In a further embodiment of the invention, the composi-

tions for therapeutic or prophylactic use may be topically
administered to a tissue or organ, at any one or more
istances of prior to, during, or subsequent to a surgical or
medical procedure. In a preferred embodiment, the compo-
sitions may be topically admimistered prior to surgery, 1..
pre-operatively to a tissue or organ prior to surgical proce-
dure on said tissue or organ; for example prior to, during, or
subsequent to a cataract surgery, LASIK surgery, corneal
abrasion or intravitreal injection (to prevent bacteria present
on the cornea or conjunctiva from being carried over 1nto the
interior of the eve).

The use of a composition as described 1n any one of the
above embodiments, in the manufacture or preparation of a
medicament or a medicine for the treatment or prophylactic
treatment of a subject in need thereof 1n relation to any one
of diseases or conditions as described herein are also pro-
vided for in the context of the present invention.

Further provided for within the context of the present
invention, are also methods of treating or prophylactically
treating a subject with, or likely to be afilicted with, any one
of the diseases or conditions as described herein, wherein the
methods may comprise the topical administration of any one
of the defined compositions to said subject. For instance,
where the composition 1s administered to the eye, the
composition may be directly topically instilled to the eye or
an ophthalmic tissue.

Said treatment methods and compositions for therapeutic
use are moreover preferably targeted towards human sub-
jects, but also to veterinary subjects, such as mammals, such
as canines, felines, horses, or other livestock.

In another aspect, the present invention may relate to the
use of a composition according to any of the above embodi-
ments, 1n a cosmetic preparation.

In yet another aspect, the composition according to any of
the above embodiments may also be used as a disinfectant
or an antiseptic, wherein the composition 1s administered to
an animate and/or an inammate surface. In one preferred
embodiment, the composition may be used as a disinfectant
for an manimate surface, preferably a surface of a surgical
tool, instrument or means.

Moreover, the mvention may also provide to a kit com-
prising a composition according to the invention as
described herein, wherein the kit comprises a container
adapted for holding and/or storing the composition and a
dispenser adapted for topical administration of the compo-
sition to a subject or a surface in need thereof.

The present mvention may include the following num-
bered 1tems:

1. A composition comprising molecular 1odine and a

vehicle comprising a semifluorinated alkane and/or a
pertluorocarbon.
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2. A composition according to item 1, wherein the com-
position 1s substantially free of water.

3. A composition of any of items 1 or 2, wherein the
perfluorocarbon compound 1s a perfluorinated hydro-

carbon with 5 to 12 carbon atoms.

4. A composition of any of the preceding items, wherein
the pertluorocarbon 1s a compound of formula
F(CF,), F, wherein n 1s an 1nteger selected from 5 to 12.

5. A composition of any of the preceding 1tems, wherein
the perfluorocarbon 1s selected from pertluorooctane, or
pertluorodecalin, and pertluorooctyl bromide.

6. The composition of any one of the preceding items
wherein the semifluorinated alkane 1s of formula (I):

CEF;(CF,),—R,, Formula (I)

wherein n 1s an 1nteger selected from 1 to 12, and R 1s linear
or branched alkyl, or a cycloalkyl with m carbon atoms,
wherein m 1s an integer selected from 2 to 12.
7. The composition of item 6, wherein the semifluorinated
alkane 1s of formula (II):

CF4(CF,),—(CH,) CH, Formula (IT)

wherein n and m are each independently selected from an

integer from 3 to 10.

8. The composition according item 7, wherein the semi-
fluorinated alkane 1s selected from F4HS, F4H6, FA4HS,
F6H6, F6HS, F8H8 and FI10HS, preferably selected
from F4HS, and F6HS.

9. The composition according to any one of the preceding
items, wherein the molecular 1odine 1s dissolved 1n the
vehicle.

10. The composition according to any one of the preced-
ing items, wherein the amount of molecular 10dine
dissolved in the vehicle i1s less than 1 mg/ml, 0.8

mg/mlL, 0.6 mg/mlL, 0.5 mg/mlL, 0.2 mg/mlL, 0.1
mg/mlL, 0.05 mg/mlL, 0.02 mg/mL, 0.01 mg/mL, or less
than 0.001 mg/mlL.

11. The composition according to any one of the preced-
ing 1tems, wherein the composition is free of an 10dine
species from the group consisting of any one or com-
bination of an 10dide (I7), truodide (I,7), 10date (10,7),
or hypoiodate (107).

12. The composition according to any one of the preced-
ing 1tems, wherein the composition further comprises
an active mgredient dissolved in the vehicle, optionally
selected from the group consisting of antibiotics, anti-
inflammatory agents, analgesics, anaesthetics, 1mmu-
nosuppressants, and anti-allergic agents.

13. The composition according to any one of the preced-
ing 1tems, wherein the vehicle further comprises a
co-solvent, preferably selected from an alcohol, or
non-polar solvent or from a mixture thereof.

14. The composition according to any one of the preced-
ing items, wherein the co-solvent 1s a solvent that does
not support the formation of an 1odine 10n or oxidized
iodine species, preferably wherein the co-solvent 1s a
solvent that does not support the formation of any one
or combination of 1odide (I—), truiodide (I3-), 1odate
(I03-), or hypoiodate (10—).

15. The composition according to item 13 or 14, wherein
the co-solvent 1s a non-polar solvent selected from any
one or mixture of a saturated hydrocarbon or alkane,
such as pentane, hexane, heptane, or octane; mineral
oil, parathn, and a siloxane.

16. The composition according to item 13 or 14, wherein
the co-solvent 1s an alcohol selected from any one or
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mixture of ethanol, methanol or 1sopropanol, preferably
absolute ethanol, methanol or 1sopropanol.

17. The composition according to any one of the items 13
to 16, wherein the vehicle comprises said co-solvent 1n
an amount of up to about 38 wt % relative to the total
weight of the vehicle.

18. The composition according to any one of the preced-
ing items, wherein the vehicle consists of a semifluo-
rinated alkane and/or a pertluorcarbon.

19. The composition according to any one of the preced-
ing 1tems, wherein the amount of molecular 10dine
dissolved 1n the composition or vehicle 1s at least 1
mg/mlL, or up to 20 mg/mlL.

20. The composition according to any one of the preced-
ing 1tems, wherein the composition comprises molecu-
lar 10dine and a vehicle consisting of at least one
semifluorinated alkane and/or a perfluorocarbon.

21. The composition according to any one of the preced-
ing items, wherein the composition consists of molecu-
lar 10dine and the vehicle, wherein the vehicle consists
of a semifluorinated alkane and/or a perfluorocarbon,
and optionally, an active ingredient, and further option-
ally, a co-solvent, such as ethanol, or an excipient.

22. The composition according to any one of the preced-
ing items, wherein the composition consists of molecu-
lar 10dine and a vehicle consisting of a semifluorinated
alkane and/or a perfluorocarbon.

23. The composition according to any one of the preced-
ing 1tems, wherein the composition 1s non-staining
when applied to a surface or tissue; preferably any one
of skin, mucosal tissue, eye or eye tissue, or fabric.

24. The composition according to any one of the preced-

ing items, wherein the composition 1s stable for at least
30 day, preferably stable for at least 90 days, more
preferably stable for at least 180 days, optionally the
composition 1s stable without protection from light.

25. The composition according to item 24, wherein the
composition 1s stable at room temperature (135-25° C.).

26. The composition according to any one of the preced-
ing claims, wherein the composition 1s formulated as a
liquid, semi-solid, cream, lotion, omntment, or a swab.

2'7. The composition according to any one of the preced-
ing items, for use as a medicine.

28. The composition according to any one of the preced-
ing 1items, for use as an antiseptic and/or a disinfectant.

29. The composition according to 1item 27 to 28 for use in
the treatment or prevention of a disease or condition

allecting the skin or mucosal tissue, wherein the com-
position 1s topically administered to said organ or
tissue.

30. The composition according to any one of items 27 to
29 for use 1n the treatment or prevention of a disease or
condition affecting the eye or an ophthalmic tissue,
wherein the composition 1s topically administered to
the eye or ophthalmic tissue.

31. The composition for use according to any one of 1items
277 to 30, wherein the disease or condition 1s associated
with, or caused by a microorganism.

32. The composition for use according to 1item 31, wherein
the microorganism selected from any one or combina-
tion of bacteria, demodex, fungi, yeast or virus.

33. The composition for use according to any one of 1tems
277 to 32, wherein disease or condition 1s associated or
caused by a microorganism 1s selected from any one or
combination of the group consisting of Staphvilococcus
aureus, Pseudomonas aeruginosa, Candida albicans,
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Aspergillus brasiliensis, Streptococcus pneumoniae,
Proteus mirabilis, Propionibacterium acnes.

34. The composition for use according to any one of items
2’7 to 33, wherein the composition 1s for use in the
treatment or prevention of a disease or condition of the
skin or mucosal tissue, preferably selected from a
wound, a cut, an abrasion, a burn, a surgical site wound,
an ulcer, a sore, acne, and an infection.

35. The composition for use according to items 27 to 33,
wherein the composition 1s for use 1n the treatment or
prevention of a disease or condition of the eye or an
ophthalmic tissue, preferably selected from the group
consisting of blepharitis, bacterial conjunctivitis, ocular
dryness, follicular conjunctivitis, giant papillary con-
junctivitis, corneal ulcer, keratitis, conjunctival neopla-
sta, HSV Kkeratitis, eye allergy, ulcerative infectious
keratitis, epithelial keratitis, stromal keratitis, kerato-
conjunctivitis epidemica, and neonatal conjunctivitis.

36. A composition for use according to any one of items
2’7 to 35, wherein the therapeutic use or preventative
use comprises topical administration of the composi-
tion to a tissue, at any one instance or combination of
prior to, during, or subsequent to a surgical or medical
procedure.

3’7. A composition for use according to 1items 36, wherein
the surgical or medical procedure 1s an ophthalmic
procedure, preferably cataract surgery, LASIK, corneal
abrasion, or intravitreal injection.

38. A method of treating or preventing a disease or
condition associated or caused by a microorganism,
preferably selected from any one or combination of
bacteria, demodex, fungi, or virus, comprising topically
administering a composition of any one of items 1 to 26
to a subject, preferably to the skin or muscosal tissue,
or an eye or ophthalmic tissue of a subject 1n need
thereof; preferably wherein infection or microorganism
growth 1s inhibited or prevented, and optionally
wherein the composition 1s administered at any one
instance or combination of a) prior to, b) during, or c)
subsequent to a surgical or medical procedure.

39. Use of a composition according to any one of item 1
to 26, 1n the manufacture of a medicament for use 1n the
treatment of a disease or condition associated or caused
by a microorganism, preferably selected from any one
or combination of bacteria, demodex, fungi, or virus;
preferably wherein the medicament 1s topically admin-
istered to a subject and/or adapted for topical admin-
istration to dermal tissue, mucosal tissue, to an eye or
ophthalmic tissue of a subject.

40. Use of a composition according to any one of items 1
to 26 as a disinfectant or an antiseptic, preferably
wherein the composition 1s administered to an animate
and/or an inanimate surface.

41. The use of a composition according to any one of
items 1 to 26 as a disinfectant for an 1nanimate surface,
preferably wherein the inamimate surface 1s a surface of
a surgical tool or means.

42. Use of a composition according to any one of items 1
to 26 1 a cosmetic preparation.

43, A kit comprising a composition according to any of
items 1 to 26, wherein the kit comprises a container
adapted for holding and/or storing the composition and
a dispenser adapted for topical administration of the
composition to a subject or a surface in need thereof.

44. The composition according to any of the 1tems 6 to 24,
wherein the composition consists of up to about 1.0
mg/ml. molecular 1odine dissolved 1n a vehicle con-
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sisting of 1-perfluorohexyl-octane or 1-pertluorbutyl-
pentane, optionally comprising a non-polar solvent.
45. The composition according to any of the items 6 to 24,
wherein the composition consists of up to about 0.5
mg/ml. molecular 1odine dissolved 1n a vehicle com-
prising or consisting ol perfluorohexyl-ethane, option-
ally comprising a non-polar solvent.
The present mvention may also include the following
items:
1.1 A composition comprising:
a) molecular 1odine, and
b) a vehicle comprising a semitluorinated alkane;

wherein the semitluorinated alkane 1s of formula (I):

CEF;(CF5),—R,, Formula (I)

wherein n 1s an 1nteger selected from 1 to 12, and R 1s
linear or branched alkyl or cycloalkyl with m carbon
atoms, wherein m 1s an integer selected from 2 to 12.
1.2 A composition consisting of:
a) molecular 1odine and optionally, a further active
ingredient, and
b) a vehicle consisting of a semifluorinated alkane and
optionally a non-polar co-solvent or excipient;
wherein the semifluorinated alkane 1s of formula (I):

CF;(CF5),—R,, Formula (I)

wherein n 1s an integer selected from 1 to 12, and R 1s linear
or branched alkyl or cycloalkyl with m carbon atoms,
wherein m 1s an integer selected from 2 to 12.

1.3 The composition according to any one of the preced-
ing 1tems, wherein the molecular 1odine 1s dissolved 1n
the vehicle in an amount of up to about 20 mg/mlL..

1.4 The composition according to any one of the preced-
ing 1tems, wherein the molecular 1odine 1s dissolved 1n
the vehicle in an amount of up to about 1 mg/mlL,
optionally in the range from about 0.001 mg/mlL to 1
mg/ml.

1.5 The composition according to any one of the preced-
ing items, wherein the composition comprises a further
active ingredient dissolved in the vehicle, optionally
selected from the group consisting of antibiotics, anti-
inflammatory agents, analgesics, anaesthetics, 1immu-
nosuppressants and anti-allergic agents.

1.6 The composition according to any one of the preced-
ing 1tems, wherein the vehicle further comprises a
co-solvent, preferably an alcohol or a non-polar solvent
and optionally 1n an amount of no more than 38%
(w/w) 1n respect to the amount of the vehicle.

1.”7 The composition according to any one of the preced-
ing 1tems, wherein the vehicle comprises a non-polar
solvent or excipient.

1.8 The composition according to item 1.7, wherein the
non-polar solvent or excipient 1s 1 an amount of no
more than 38% (w/w) 1n respect to the amount of the
vehicle, or 1n an amount of no more than 30% (w/w),
25% (wiw), 15% (w/w) or 10% (w/w), or 5% (w/w) 2%
(w/w), or about 1.0% (w/w) 1n respect to the total
weight amount of the vehicle.

1.9 The composition according to claim 1tem 1.7 or 1.8,
wherein the non-polar co-solvent 1s selected from any
one or mixture of a saturated hydrocarbon; mineral o1il;
parailin; siloxane; and a perfluorocarbon.

1.10 The composition according to any one of the pre-
ceding 1tems, wherein the composition i1s essentially
free of water.

1.11 The composition according to any one of the pre-
ceding 1tems, wherein the composition i1s iree of an
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1odine species from the group consisting of any one or
combination of 1odide (I7), truodide (I,7), 1odate
(I0,7), or hypoiodate (107).

1.12 The composition according any one of the preceding
items, wherein the composition 1s non-staining, option-
ally wherein the composition 1s stable at room tem-
perature for at least 30 days, preferably stable for at
least 90 days, or more preferably, stable for at least 180
days.

1.13 The composition according to any one of the pre-
ceding 1tems, wherein the composition consists of
molecular 10dine and a vehicle consisting of a semii-
luorinated alkane.

1.14 The composition of any one of the preceding items,
wherein the semitluorinated alkane 1s of formula (II):

CF,(CF,), —(CH,), CH, Formula (II)

wherein n and m are each independently selected from an
integer from 3 to 10, optionally wherein the semifluorinated
alkane 1s selected from CF;(CF,);—(CH,),CH,; (F4H5),
CF;(CF,)—(CH,);CH; (F4H6), CF;(CF,)s—(CH,)sCH,
(F6H6), CF,(CF,)s—(CH,)-CH;, (F6HS), CF;(CF,);—
(CH,),CH,(F4H8), CF,(CF,),—(CH,),CH, (F8HS8) and
CF;(CF,)o—(CH,),CH; (F10H3), or more preferably
selected from CF,(CF,);—(CH,),CH; (F4H3) and CF,
(CF;)s—(CH,),CH; (F6HS).
1.15 The composition of any one of the preceding items,
wherein the semitluorinated alkane 1s of formula (II):

CF,4(CF,) —(CH,), CH, Formula (II)

wherein n 1s an integer selected from 2 to 9 and m 1s an

integer from 1 to 7, optionally wherein the semifluorinated
alkane 1s selected from CF,(CF,),—(CH,),CH, (F4HS),

CF;(CF,),—(CH,);CH; (F4H6), CF,;(CF,).—CH,CH,
(F6H2), CF,(CF,).—(CH,).CH, (F6H6), CF,(CF,)—
(CH,),CH, (F6HS8), CF,;(CF,),—(CH,),CH;(F4HR), CF,
(CF,);—(CH,),CH; (F8H8) and CF;(CF,)s—(CH,),CH,
(F10HS5).

1.16 The composition according to any one of the pre-
ceding 1tems, wherein the composition consists of up to
about 1.0 mg/mL molecular 10dine dissolved 1n a
vehicle consisting of 1-pertluorohexyl-octane or 1-per-
fluorbutyl-pentane, and optionally non-polar solvent.

1.17 The composition according to any one of the pre-
ceding items, wherein the composition consists of up to
about 0.5 mg/ml. molecular 10dine dissolved 1 a
vehicle consisting of perfluorohexyl-ethane, and
optionally a non-polar solvent.

1.18 The composition according to any one of the pre-
ceding items, wherein the composition 1s formulated as
a liquid, semi-solid, cream, lotion, ointment, or a swab.

1.19 The composition according to any one of the pre-
ceding 1tems for use as a medicine.

1.20 The composition according to item 1.19, for use as
an antiseptic and/or as a disinfectant in the treatment or
prevention of a disease or condition 1n a subject in need
thereof.

1.21 The composition according to any one of items 1.19
or 1.20, for use in the treatment or prevention of a
disease or condition aflecting:

a) the skin or mucosal tissue; or

b) the eye or an ophthalmic tissue;

wherein the composition 1s topically administered to
said organ or tissue.

1.22 The composition for use according to any one of
items 1.20 or 1.21, wherein the disease or condition 1s
associated with, or caused by a microorganism, prei-
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erably selected from any one or combination of bacte-

ria, demodex, fungi, or virus.

1.23 The composition for use according to any of the
items 1.19 to 1.22, wherein the composition 1s for use
in the treatment or prevention of a disease or condition
of:

a) the eye or an ophthalmic tissue selected from the
group consisting ol blepharitis, bacterial conjuncti-
vitis, ocular dryness, follicular conjunctivitis, giant
papillary conjunctivitis, corneal ulcer, keratitis, con-
junctival neoplasia, HSV keratitis, eye allergy, ulcer-
ative infectious keratitis, epithelial keratitis, stromal
keratitis, neonatal conjunctivitis and keratoconjunc-
tivitis epidemica.

b) the skin, epithelial or mucosal tissue selected from a
wound, a cut, a surgical wound, burn, abrasion,
laceration, ulcer, rash, sore, acne, and infection.

1.24 A composition for use according to any one of 1tems
1.19 to 1.23, wherein the treatment or preventative use
comprises topical administration of the composition to
a tissue, at any one or more nstances of prior to, during,
or subsequent to a surgical or medical procedure.

1.25 A method of treating or preventing a disease or
condition associated or caused by a microorganism,
preferably selected from any one or combination of
bacteria, demodex, fungi, or virus, comprising topically
administering a composition of any one of items 1.1 to
1.18 to a subject, preferably to the skin or muscosal
tissue, or an eye or ophthalmic tissue of a subject in
need thereof; preferably wherein infection or microor-
ganism growth 1s inhibited or prevented, and optionally
wherein the composition 1s administered at any one
instance or combination of a) prior to, b) during, or c)
subsequent to a surgical or medical procedure.

1.26 Use of a composition according to any one of 1tems
1.1 to 1.18, 1in the manutacture of a medicament for use
in the treatment of a disease or condition associated or
caused by a microorganism, preferably selected from
any one or combination of bacteria, demodex, fungi, or
virus; preferably wherein the medicament 1s topically
administered to a subject and/or adapted for topical
administration to dermal tissue, mucosal tissue, to an
eye or ophthalmic tissue of a subject.

1.27 Use of a composition according to any one of items
1.1 to 1.18 as a disinfectant or an antiseptic, preferably
wherein the composition 1s administered to an animate
and/or an 1nanimate surface.

1.28 The use of a composition according to any one of
items 1.1 to 1.18 as a disinfectant for an inanimate
surface, preferably wherein the manimate surface is a
surface of a surgical tool or means.

1.29 Use of a composition according to any one of 1tems
1.1 to 1.18 1n a cosmetic preparation.

1.30 A kit comprising a composition according to any of
items 1.1 to 1.18, wherein the kit comprises a container
adapted for holding and/or storing the composition and
a dispenser adapted for topical administration of the
composition to a subject or a surface 1n need thereof.

The following examples serve to illustrate the invention,

however should not to be understood as restricting the scope

of the invention.

EXAMPLES

Example 1—Compositions
(A) I, in F4HS5

Molecular 10dine (I,) solutions in the semifluorinated
alkane F4HS at target concentrations of 0.01 mg/ml, 0.05
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mg/ml, 0.1 mg/ml, 0.5 mg/mL, 0.55 mg/ml and 0.94
mg/ml were prepared. Molecular 10dine was weighed 1nto
clear glass wvials, followed by addition of the calculated
volume of semitluorinated alkane F4H5. The compositions
were stirred for 2 hours at room temperatures. The compo-
sitions provided clear pink solutions, ranging from strong
pink/violet color at high concentrations (0.55 mg/ml) to very
dilute pinkish colour at lower concentrations (0.01 mg/ml).

The 0.94 mg/ml solution was prepared by adding addi-
tional F4HS5 to a composition comprising 1.0 mg/mL
molecular 10dine until all remaining molecular 10dine par-
ticles were dissolved, providing a clear solution of deep
pink/violet colour.

(B) 1, in F6HS

Molecular 1odine (I,) solutions in the semifluorinated
alkane F6H8 at target concentrations of 0.1 mg/mlL, 0.5
mg/mlL and 1.0 mg/mlL were prepared. Molecular 10dine was
weighed mto clear glass vials, followed by addition of the
calculated volume of semifluorinated alkane F6HS. The
compositions were stirred for 2 hours at room temperature

The compositions at 0.1 mg/mL and 0.5 mg/ml concen-
trations provided clear pink solutions, ranging from strong
pink/violet color at high concentrations (0.50 mg/ml) to
dilute pink colour at lower concentration (0.1 mg/ml).

Additional F6H8 was added to the target 1.0 mg/mlL
composition until all remaining molecular 10dine particles
were dissolved, providing a clear solution, with a concen-

tration of about 0.88 mg/mlL.. The solution 1s a deep pink/
violet 1n colour.

(C) I, 1 Perfluorodecalin (Octadecafluorodecalin,
ClDFIS)

A 0.2 mg/ml molecular 1odine (I,) solution 1n pertluoro-
decalin was prepared by weighing molecular 10dine into a
clear glass vial, followed by addition of the calculated
volume of perfluorodecalin. The composition was stirred
overnight at room temperature to provide a clear pink
solution.

(D) L, in F8HS or F10H5

A composition of 0.2 mg/ml molecular 1odine (I,) and
F8HS8 and a composition of 0.1 mg/ml of molecular 10dine
(I,) and F10HS5 were prepared, respectively, by weighing
molecular 1odine 1nto a clear glass vial, followed by addition
of the calculated amount of semifluorinated alkane to the
vial. The molecular 1odine was dissolved 1n the respective
semifluorinated alkanes by stirring with waterbath (45° C.)
heating to result in clear pink solutions. Upon cooling to
room temperature, the composition prepared with FS8HS
provided a pink coloured semi-solid, while the composition
with F10HS5 resulted 1n a pinkish coloured solid. On appli-
cation to the skin, both compositions were observed to
change to a liquid state upon contact with the skin.

(B) L, in F4H5+EtOH

Solutions with higher I, concentrations may be prepared
with the addition of ethanol (non-absolute or alternatively
absolute). F4HS/EtOH-Concentrations of about 20 mg/mlL
of I, in F4H5 are achieved when ethanol 1s added to an
amount of 38% (w/w), relative to the weight of the vehicle
The resulting composition 1s a red-brown coloured solution.




US 12,150,955 B2

23

FAHS/EtOH-Solutions comprising 3 mg/mlL 10odine were
prepared by adding 1.5% (w/w) ethanol (or alternatively
1.0% (w/w)) relative to the weight of the F4HS5/EtOH liquid

vehicle. The compositions are brown-pink coloured clear
solutions.

(F) 1, in F6H8+EtOH

F6HS/EtOH-Solutions with higher I, concentrations may
be prepared with the addition of ethanol (non-absolute or
alternatively absolute). Concentrations of about 20 mg/mlL.
of I, in F6HR8 are achieved when ethanol 1s added to an
amount of 38% (w/w), relative to the weight of the vehicle.

F6HS/EtOH-comprising 3 mg/ml 10dine were prepared by

adding 1.5% (w/w) ethanol (or alternatively 1.0% (w/w))
relative to the weight of the F6HS/EtOH liquid vehicle. The

compositions are reddish-brown coloured clear solutions.

Example 2—Composition Stability

Saturated 10dine solutions as prepared in Example 1
above of I, in F4HS (0.94 mg/ml.) and F6HS (0.88 mg/mlL.)
were stored standing under ambient atmosphere and tem-
perature conditions under a capped clear glass vial for 52
weeks without protection from light. No visible changes in
terms ol colour, or appearance of particles forming either in
solution, or on the glass walls were observed.

In contrast, the formation of particles 1n solution and on
the glass walls were observed for the Iodine solutions as
prepared 1n Example 1 above of I, in the F4H5/Ethanol or
F6HS/Ethanol liquid vehicles.

The stability of compositions of 10dine (I,) dissolved the
semifluorinated alkanes F4HS and F6HS at further concen-
trations of 0.01 mg/mlL, 0.05 mg/mL, 0.1 mg/mL, 0.5
mg/mL and 0.9 mg/mlL, stored 1n closed clear-glass crimp
cap vials (mimimum composition volume of 10-mL) are
tested. Comparative compositions, such as with alternative
vehicles such as aqueous-based and other organic com-
pounds are also formulated and tested for comparison.

Samples of the compositions are stored at ambient con-
ditions (room temperature), while some samples are aged or
stress-condition testing, for example under UV-stress con-
ditions (to evaluate light sensitivity) or stored at non-
ambient temperatures.

The compositions are assessed at intervals over time, for
example via: visual mspection of the vials to observe and
record any visible changes to the compositions such as
precipitation, formation of deposits, etc, as well as staining,
tests; measuring the content of molecular 10dine (and other
iodine species) e.g. by uv-vis measurements, and other
analytical methods 1n the art for analysing 10dine content.

Example 3—Antimicrobial Effectiveness

(A) Ph. Eur. 5.1.3

Solutions of I, 1n F4HS (0.85 mg/ml.) and I, in F6HS
(0.85 mg/mL) were tested for their eflicacy of antimicrobial
preservation according to current edition Ph. Eur. 3.1.3.
under the acceptance criterium for parenteral preparations,
cye preparations, intrauterine preparations and intramams-
mary preparations. Both solutions were found to be fully
compliant within the guidelines. The tests were conducted
for both formulations with the following microorganisms:
Pseudomonas aeruginosa, Staphyvlococcus aurveus, Candida
albicans, and Aspergillus brasiliensis.
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(B) Hemmbhot Test/Agar Diffusion Test

Hemmbhof tests, or Agar diffusion tests were performed on
the following compositions:

I, (3 mg/mL) solution 1n F6H8 and EtOH 1.5% (w/w) as
prepared in Example 1

I,(3 mg/mL) 1n F6HS8 and EtOH 1.5% (w/w) as prepared
in Example 1

Organisms tested included Staphviococcus aurveus ATCC

6538, Pseudomonas aeruginosa ATCC 9027, Streptococcus
preumoniae ATCC 33400, Proteus mirvabilis ATCC 14153,

Candida albicans AT'CC 10231, Propionibacterium acnes
ATCC 11828 (Anaerobier).
Both formulations exhibited inhibition zones, demonstrat-

ing eflectiveness in inhibition of growth of the organisms
tested.

Example 4—Staiming

Solutions of I, in F4HS5 (0.85 mg/mlL) and I, 1n F6HS
(0.85 mg/mL) were tested 1n respect of staining on skin. A
drop of the respective compositions were administered to
skin on a subject. On 1nitial contact with the skin, the pink
colour which 1s characteristic of the compositions was still
observed, however vanished within a few seconds. No
staining of the skin was observed. No color was transferred
to a piece of fabric 1n contact with the skin afterwards.

No staining of the skin was also observed for solutions of
I, at lower concentrations in F4HS5 or F6HS, as well as with
the compositions of molecular 10dine 1n F8HS, F10HS and
perflurodecalin when these were topically applied to the
skin.

Further staining tests are conducted on cellulose filter
paper (Whatman, CAT No. 1005-070). In the tests, a drop of
the respective formulations (ca. 50 ul.) was added to the
filter paper. The staining behaviour of the compositions were
recorded afterwards.

No staining of the Whatman filter was observed for
solutions of I, in F4HS, F6HS, F8HRE, F10HS5 and pertluro-
decalin.

When the same tests were conducted for the compositions
of I, prepared 1n the F4HS5/ethanol and F6H&/ethanol liquid
vehicles of Example 1, staining of the Whatman filter paper
was observed. Yellow-brown spots on the site of adminis-
tration were left behind on the filter paper.

Example 5—Further Compositions—Stability and
Staining

Further compositions of molecular 10odine, in a vehicle
consisting of a semifluorinated alkane and optionally a
co-solvent as summarized in Table 1 below were prepared
according to the methods described 1n Example 1, and then
tested similarly to the protocols described in Examples 2 and
4 as to their stability and for staining.

Stability—Vials containing the compositions were visu-
ally mspected to determine stability. Visual inspection was
performed directly after fabrication, after 1 day and after 1
week. A “Yes” 1n Table 1 indicates the recording of no visual
changes, such as discoloration of the initial pink color of the
composition, and no formation of precipitates or deposits.

Staining—Staining was assessed as detailed in Example 4
on cellulose filter paper. A “No” in Table 1 indicates that no
staining effects were observed upon application of a sample
of the composition to the cellulose filter.
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TABLE
Ratio Ratio

Vehicle 1 Vehicle 2 V1:V2 VI1:V2 L5 I
(V1) (V2) (W/wW) (V/IV) (mg/mL) (ppm) Staining Stability
FO6H?2 - - - 0.01 10 yes no
F6H?2 - - - 0.05 50 yes no
F6H?2 - - - 0.10 100 yes no
F6H?2 - - - 0.25 250 yes no
F6H?2 - - - 0.50 500 yes no
F4H3 - - - 0.01 10 yes no
F4H5 - - - 0.05 50 yes no
F4H3 - - - 0.10 100 yes no
F4H5 - - - 0.25 250 yes no
F4H5 - - - 0.50 500 yes no
F4H5 - - - 1.00 1000 yes no
FO6HY - - - 0.01 10 yes no
F6HR - - - 0.05 50 yes no
FO6HR - - - 0.10 100 yes no
F6HR - - - 0.25 250 yes no
FO6HR - - - 0.50 500 yes no
F6HR - - - 1.00 1000 yes no
FRHX - 0.10 100 yes no
Perfluoro- — 0.10 100 yes no
octane
FO6HR paraflin wax 4:1 4:1 0.20 200 yes no
F6H?2 F4H5 1.17:1 1:] 0.25 250 yes no
FO6H?2 FOHR 1.12:1 11 0.125 125 yes no
F4H5 FO6HR 0.96:1 1:1 0.125 125 yes no
FO6HS Decamethylcyclo-  1.41:1 4:1 0.20 200 yes no

pentasiloxan
2-perfluoro- — - - 0.50 500 yes no
hexyl-octane
FO6HR Squalane 8.33:1 5:1 0.208 208 yes no
F4H5:F6H®  Squalane 8.15:1 5:1 0.227 227 yes no
(1:1)
FO6HY paraffinum 6.67:1 4:1 0.80 800 yes no

perliquidum
F4H5 paraffinum 6.37:1 4:1 0.80 800 yes no

perliquidum
FO6HS mineral oil 6.67:1 4:1 0.80 800 yes no
F4H5 mineral oil 6.37:1 4:1 0.80 800 yes no
FO6HR octane 7.71:1 4:1 0.80 800 yes no
F4H5 octane 7.37:1 4:1 0.80 800 yes no

The composition of molecular 10dine 1n a vehicle based ,, ~ The following compositions were evaluated:
011.4.1 ratio of F6HS and parathin wax was a solid formu- (a) 1.0 mg/ml iodine (1000 ppm) in 1-perfluorobutyl-
lation. . - _ _ pentane (F4HS)
A composition comprising a semifluorinated alkane, T _

molecular iodine and an exemplary active ingredient, (b) 1.0 mg/ml 1o0dine (1000 ppm) in 1-perfluorohexyl-
cyclosporine, was also prepared. The same tests as con- . octane (F6HS)

ducted for compositions of Table 1 was conducted. The
composition was also found to be stable and non-staining.

Vehicle

1

(V1)

FO6HY

The tollowing compositions were evaluated n terms of

TABLE 2
Vehicle  Ratio Ratio
2 V1:v2 VI1:V2 API I, 15
(V2) (W/wW) (v/V) (mg/mL)
F4H5  10.5:1 10:1  cyclosporine 0.27 227
(0.091)
Example 6—EpiOcular Eye Irritation Test

risk for eye irritation. A model of ocular irritation, the
EpiOcular Eye Irritation Test (OCL-200-EIT; MaTek Cor-

poration), was used. The
a new O
human Cornea-like Epithelium (RhC.

Hp10Ocular protocol 1s approved as

HCTD Test Guideline No. 492 (Reconstructed

) test method for

identifying chemicals not requiring classification and label-
ling for eye 1rritation or serious eye damage).

yes

0

65

(¢) 0.5 mg/ml 10dine (500 ppm) 1n 1-perfluorohexyl-
cthane (F6H?2).

(mg/mL) (ppm) Stability Staining

1o

A test material-treated tissue viability of higher than 60%
relative to the negative control-treated tissue 1s classified as
a non-irritant; a test material-treated tissue viability below

60% 1s considered as an 1rritant.

These compositions, which have relatively high concen-
trations ol 1odine, were unexpectedly found to be non-
irritating. Iodine ophthalmic products in the art based on
povidone-iodine complex aqueous formulations typically
provide significantly lower concentrations of molecular
iodine, for example about 2.5 ppm. All of the tested com-
positions of molecular 10dine 1n semifluorinated alkane were
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classified based on this model as non-irritating, with results
of (a) 95.4%, (b) 98.4% and (c) 107.8% tissue wviability
respectively.

Example 7—Ex Vivo Eye Irritation Test (EVEIT)

A comparison 1n respect of corneal healing process was
conducted for a composition comprising molecular 10dine
(0.25 mg/ml; 250 ppm) 1n 1-pertluorohexyl-octane (Com-
position B) with vehicle 1-perfluorohexyl-octane (Compo-
sition A) and hyaluronic acid (HYLO-COMOD®) as a
reference and 0.01% BAC (benzalkonium chloride) as a
control using an Ex Vivo Eye Irntation Test (EVEIT),
similar to as described in M. Frentz et al, Altern. to Lab.

Anim., 2008 (36) p 25-32; and N. Schrage et al, Graeles
Arch Clin Exp Ophthalmol 2012 (2350), 1330-1340).

Method. Rabbit corneas were obtained and placed in an
artificial anterior ocular chamber which was gently filled
with serum-iree minimal essential medium (Eagle’s MEM)
contaiming Earle’s salts and HEPES bufler for nutrition. The
medium was contstantly replenished by a micropump to
imitate the physiological condition of the eye. The culture
chambers were held at 32° C. under normal air without
supplementary CO2 and >95% relative humidity. Five cor-
neas per test substance (n=35) were used except for the
positive control with which two comeas (n=2) were tested.

After 12 h of stabilization 1in the culture chamber, the
corneas were evaluated by microscopy and corneas with
intact epithelium and without opacities were selected. Four
small abrasions (2.3-4.3 mm2) were applied to the surface of
the selected corneas with a cornea dnll. All defects were
monitored by fluorescein sodium staining (0.17% aq. solu-
tion) and microscopy.

The test substances were administered one hour after
induction of the corneal erosion and were applied six times
daily onto the apex of the corneas (30-50 ul. every four
hours). A soft-tipped cannula, with continuous suction was
placed on the lowest part of the corneoscleral region within
the culturing chamber to remove any excess fluid. Experi-
ments were terminated after 3 days of application. Biomi-
croscopic 1mages of the corneas were taken daily to docu-
ment the corneal healing process using a phase-contrast

microscope integrated camera (KY-F1030U, JVC, (Bad Vil-
bel, DE) mounted on a Z16 APO Microscope (Wetzlar,
DE)). All defects were monitored by fluorescein sodium
stains (0.17% aq. solution) with yellow green fluorescence
indicating the areas of epithelial defects. Erosion sizes were
determined using a soitware tool of the microscope (DIS-
KUS). At the end of the 3 days, the experiment was
terminated and all corneas were fixed in 3.7% formaldehyde
and stained with a hematoxylin-eosin dye for microscopic
evaluation. To monitor the metabolic activity of the cornea,
glucose and lactate concentrations were photometrically
quantified 1n the outflow medium from the artificial anterior
chambers.

Results. The composition comprising molecular 10dine in
F6HS (Composition B) did not harm the corneal healing
process after the induction of corneal erosion. Instead, a
similar positive outcome 1n respect of corneal healing was
observed with Composition A (F6HS8 alone) or with the

standard reference hyaluronic acid composition (HYLO-
COMOD®).

10

15

20

25

30

35

40

45

50

55

60

65

28
TABLE 3

Corneal Frosion Size Measurements/Mean mm? (SD)

Composition Day O Day 1 Day 2 Day 3

A (n=3); 11.29 (1.02) 3.51 (0.69) 0 (0) 0 (0)
F6HS

B (n = 5); 12.09 (0.86) 3.37 (1.17) 0 (0) 0 (0)
molecular

iodine 1n F6HR

0.01% BAC 12.91 (0.32) 7.42 (0.03) 2640 (2.18) 42.08 (0.43)
HYLO 12.12 (0.51) 3.59 (1.07) 0 (0) 0 (0)
COMOD ®

No significant differences 1n terms of an eflect of positive
corncal healing was noted between composition A and
composition B (comprising 250 ppm molecular 1odine) With
both compositions, as with the reference composition
(HYLO COMOD®), the mechanically induced epithelial
erosions were found to be significantly reduced and essen-
tially absent after day 2 of treatment. Furthermore, no
corneal toxicity, based on the metabolic activity as indicated
by the glucose/lactate measurements was observed for these
compositions. In significant contrast, the control comprising
0.01% of the preservative BAC, a progressive increase of
the induced epithelial lesions was observed over the course
of the three days of the experiment.

Example 7—Antimicrobial Effectiveness Test
(F6H2)

Formulations of molecular 1odine dissolved 1n the semi-
fluorinated alkane F6H2 (0.01, 0.05, 0.1, 0.25 and 0.5
mg/ml) were tested for antimicrobial effectiveness.

Staphylococcus aureus (107 cells) were plated onto an
iert plate. After a short drying time, 100 ul of the formu-
lations of molecular 10dine dissolved 1n pertluorohexyl-
cthane (F6H2) were applied to the germs on the plate. After
a specified contact time, the remaining Staphyiococcus
aureus cells were collected by shaking out with medium and
transierred and plated to an agar plate. After incubation at
37° C. overmight, the Staphyiococcus aureus cell counts
were determined.

It was observed, within a contact time o1 30 seconds of the
Staphviococcus aureus cells on the plate, that all of the
tested 10odine formulations (0.01, 0.05, 0.1, 0.25 and 0.5
mg/ml) n F6H2 lead to a complete kllhng of all germs. No
viable cell counts were observed after the mcubation step
overnight.

The mnvention claimed 1s:

1. A method for treatment of a disease or condition
aflecting the skin, mucosal tissue, eye, or ophthalmic tissue
in a subject in need thereof, wherein the disease or condition
1s associated with or caused by a microorganism selected
from bacteria, demodex, fungi, virus, or a combination
thereof, comprising topical application of a composition to
the skin, mucosal tissue, eye, or ophthalmic tissue of the
subject, wherein the composition consists of:

a) molecular 1odine, and

b) a vehicle;

wherein the vehicle consists of (1) a semifluorinated

alkane and optionally (1) a non-polar cosolvent,
wherein the cosolvent 1s not a siloxane;:

and wherein the semitluorinated alkane 1s of Formula (1)

shown below:

CEF;(CF,),—R,, Formula (I)
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wherein n 1s an integer selected from 1 to 12, and R 1s a
linear or branched alkyl or cycloalkyl with m carbon atoms,
wherein m 1s an integer selected from 2 to 12.

2. The method according to claim 1, wherein the compo-
sition 1s non-staining when administered or coming into
contact with a surface selected from the group consisting of
skin, dermal tissue, eye, eye tissue and fabric.

3. The method according to claim 1, wherein the disease
or condition 1s a disease or condition:

a) selected from the group consisting of blephartis,
bacterial conjunctivitis, ocular dryness, follicular con-
junctivitis, giant papillary conjunctivitis, corneal ulcer,

keratitis, conjunctival neoplasia, HSV keratitis, eye
allergy, ulcerative infectious keratitis, epithelial kera-
titis, stromal keratitis, neonatal conjunctivitis and kera-
toconjunctivitis epidemica; or

b) selected from the group consisting of a wound, a cut,

a surgical wound, burn, abrasion, laceration, ulcer, rash,
sore, acne, and infection.

4. The method according to claim 1, wherein the semii-
luorinated alkane 1s selected from the group consisting of
CF5(CF,),—(CH,),CH; (F4H5), CF,(CE,),—(CH,)sCH;
(F4H6), CF,(CF,).—CH,CH, (F6H2), CF,(CF,);—
(CH,).CH, (F6H6), CF;(CF,).—(CH,)-CH; (F6HS8), CF,
(CF,);—(CH,),CH;(F4H83), CF5(CF,),—(CH,;),CH;
(F8H8) and CF;(CF,)s—(CH,),CH; (F10HS5).

5. The method according to claim 1, wherein the compo-
sition consists of molecular 10dine and a vehicle, wherein the
vehicle consists of the semifluorinated alkane.

6. The method according to claim 1, wherein the compo-
sition consists of molecular 10dine dissolved in F4HS5, F6H?2,
F6HS8, or a mixture thereof.

7. The method according to claim 1, wherein the compo-
sition consists of up to about 1.0 mg/mL of molecular 1odine
dissolved 1n a vehicle consisting of 1-pertluorohexyl-octane
(F6HS) or 1-pertluorobutyl-pentane (F4HS5).

8. The method according to claim 1, wherein the compo-
sition consists of up to about 0.5 mg/ml of molecular 1odine
dissolved 1n 1-pertluorohexyl-ethane (F6H?2).

9. The method according to claim 1, wherein the compo-
sition consists of molecular 10dine and a vehicle, wherein the
vehicle consists of the semifluorinated alkane and the non-
polar cosolvent.

10. The method according to claim 9, wherein the non-
polar cosolvent 1s selected from the group consisting of a
saturated hydrocarbon, a perfluorocarbon, and a combina-
tion thereof.

11. The method according to claim 1, wherein the com-
position consists of up to about 1.0 mg/ml of molecular
1odine dissolved 1n a vehicle consisting of 1-perfluorohexyl-
octane (F6HS8) or 1-pertluorobutyl-pentane (F4H5) and
optionally a non-polar cosolvent, wherein the cosolvent 1s
not a siloxane.

12. The method according to claim 1, wherein the com-
position 1s topically administered to an ophthalmic tissue
selected from the group consisting of the cornea, conjunc-
tiva, meibomian glands, eyve lid margins, and eyelashes.

13. The method of claim 1, wherein the non-polar co-
solvent 1s present and does not support the formation of any

one of, or combination of, the following: 1odide 1on (I7),
triiodide 10n (I,7), 10date 10n (I10,7), or hypoiodate 1on (I07).

5

10

15

20

25

30

35

40

45

50

55

60

30

14. The method of claim 1, wherein the non-polar cosol-
vent 1s present and 1s selected from saturated, unbranched or
branched, hydrocarbons.

15. The method according to claim 14, wherein the
non-polar cosolvent 1s present and selected from C10 to
C30, or from C10 to C40 saturated, unbranched or branched
hydrocarbons.

16. The method according to claim 1, wherein the disease
or condition aflects the eye or ophthalmic tissue, and the
composition 1s applied to the eye or ophthalmic tissue of the
subject.

17. The method according to claim 1, wherein the disease
or condition affects the skin or mucosal tissue, and the
composition 1s applied to the skin or mucosal tissue of the
subject.

18. The method of claim 17, wherein the semifluorinated
alkane 1s selected from the group consisting of
Cl,(CF,),—(CH,),CH; (F4H5), CF5(Cl,),—(CH,)sCH;
(F4H6), CF,(CF,).—CH,CH, (F6H2), CF,(CF,).—
(CH,);CH, (F6H6), CF;(CF,).—(CH,),CH; (F6HS8), CF,
(CF;);—(CH,),CH;(F4HS), CF5(CF,),—(CH,),CH,
(F8HR) and CF,(CF,),—(CH,),CH, (F10HY).

19. The method according to claim 17, wherein the
composition consists of molecular 10dine and a vehicle,
wherein the vehicle consists of the semifluorinated alkane.

20. The method according to claim 17, wherein the
composition consists ol molecular 1odine dissolved 1n F4H3,
F6H2, FO6HR, or a mixture thereof.

21. The method according to claim 17, wherein the
composition consists of up to about 1.0 mg/mL of molecular
10dine dissolved 1n a vehicle consisting of 1-pertluorohexyl-
octane (F6HS8) or 1-pertluorobutyl-pentane (F4HS5), and
optionally a non-polar cosolvent, wherein the cosolvent 1s
not a siloxane.

22. The method of claim 17, wherein the non-polar
cosolvent 1s present and selected from saturated, unbranched
or branched, hydrocarbons.

23. A method for providing an antiseptic or disinfectant
action 1n a subject i need thereof, comprising application of
a composition to the skin, mucosal tissue, eye or ophthalmic
tissue of the subject, wherein the composition consists of:

a) molecular 1odine, and

b) a vehicle;

wherein the vehicle consists of (1) a semifluorinated

alkane and optionally (1) a non-polar cosolvent,
wherein the cosolvent 1s not a siloxane; and wherein the
semitluorinated alkane 1s of Formula (I) shown below:

CF;(CF5),—R,, Formula (I)

wherein n 1s an 1mteger selected from 1 to 12, and R 1s a
linear or branched alkyl or cycloalkyl with m carbon atoms,
wherein m 1s an integer selected from 2 to 12.

24. The method of claam 23, wherein the non-polar
cosolvent 1s present and 1s selected from saturated,
unbranched or branched, hydrocarbons.

25. The method according to claim 24, wherein the
non-polar cosolvent 1s present and selected from C10 to
C30, or from C10 to C40 saturated, unbranched or branched
hydrocarbons.
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